Study design: Prospective, cross-sectional, case-control study. Setting: Outpatient department in Seoul, Korea. Objectives: To assess prostate volume and serum prostate-specific antigen (PSA) levels in Korean men with spinal cord injury (SCI). Methods: A total of 31 SCI patients with ages ranging between 45 and 81 years old (median age, 58 years) were studied. Thirty-one age-matched individuals without SCI were enrolled in the study as controls. We tested PSA levels and performed transrectal ultrasonographies on all enrolled patients. Of the patients with SCI, 20 were evaluated for testosterone, luteinizing hormone (LH), and folliclestimulating hormone (FSH) levels. Results: Serum PSA levels and prostate volume parameters in the two groups had similar values: the median (5th-95th percentiles) serum PSA level was 1.56 ng/ml (0.12-9.77) for SCI patients and 1.04 ng/ml (0.50-2.98) for controls (P ¼ 0.481), whereas the median (5th-95th percentiles) prostate volume was 18.33 ml (10.16-76.78) for SCI patients and 20.80 ml (14.23-41.22) for controls (P ¼ 0.072). No significant differences were found when serum PSA levels and prostate volumes were compared according to SCI patient injury characteristics. Testosterone levels were lower than the normal range in 7 SCI patients (35%), LH was higher than the normal range in 10 SCI patients (20%), and FSH was higher than the normal range in eight SCI patients (40%). We observed an age-related increase in FSH levels (r ¼ 0.634, P ¼ 0.004), although hormone levels did not correlate with serum PSA levels and prostate volume parameters. Conclusions: According to our results, serum PSA levels and prostate volume in Korean SCI patients are not different from those in uninjured men and are not affected by injury characteristics.
Introduction
Studies of patients with spinal cord injury (SCI) have shown that prostate cancer incidence is lower in SCI patients than in the general population. 1 Theoretically, the low testosterone levels that are typically found in SCI patients may provide some protection against prostate cancer. [2] [3] [4] In addition to androgen, the extensive presence of adrenergic and cholinergic receptors in the prostate suggests that autonomic nerves may be involved in prostatic function. 5 Although the exact reasons for prostate gland growth are still not completely understood, animal experiments in rats with SCI indicate that neurogenic factors play an important role in prostate growth and function. 6 As severe SCI paralysis can protect against cancer of the prostate gland through a neurohormonal effect, 7 a similar paralysis might explain a reduced prostate size. Recent investigations have demonstrated that SCI patients have higher levels of serum prostate-specific antigen (PSA) than healthy men. 8 Because PSA can be used as a parameter for the assessment of the degree of prostate secretory dysfunction, 9 this elevation has been postulated to be caused by prostatic secretory dysfunction or prostatic infection. In the present study, we compared the results obtained from SCI patients and healthy controls to determine whether SCI causes alterations in prostate volume and serum PSA levels. To date, no data are available about prostate activity in Asian men with SCI. In addition, as there are controversies over the relationship between serum PSA and androgen, 1, 8 we evaluated hormone status in some of the SCI patients. The purpose of this study was to assess prostate volume and serum PSA levels in Korean men with SCI.
Materials and methods

Patients
We enrolled a total of 31 SCI patients between 45 and 81 years old (median age, 58 years old), who visited our hospital and were willing to undergo examinations. Patients were excluded from the analysis if they had a history of or had undergone treatment for acute or chronic prostatitis in the last 3 months, had received a diagnosis of prostate cancer, had undergone prostate surgery or radiation treatment, had received 5a-reductase inhibitors, or had signs or symptoms compatible with a current urinary infection. During the SCI patient survey period, we enrolled 31 individuals without SCI as controls for prostate cancer screening, regardless of whether these patient visits were primary or referred.
Patients and healthy controls were matched by age. The Institutional Review Board of our hospital approved the protocol and all participants signed an informed consent agreement.
Methods
All men underwent detailed clinical examinations, including a quantitation of total PSA serum levels by immunoradiometric assay (Izotop, Hungary), a digital rectal examination (DRE), and a transrectal ultrasonography (TRUS). Of the SCI patients, 20 were evaluated for hormone levels, including total testosterone, luteinizing hormone (LH), and folliclestimulating hormone (FSH). To limit the influence of fluctuations in plasma testosterone levels owing to its episodic secretion, blood samples were always drawn at the same time of the day, that is, 0800-1000 h. The patient age, cause of paralysis, duration, level, and grade of paralysis, and method of urinary drainage were also recorded. Blood samples were obtained before patients were examined by a physician. All blood was stored at À701C for less than 1 week and assayed for serum PSA concentrations. Transaxial and sagittal scanning of the prostate was performed by a radiologist experienced in this procedure. Scans were performed using a 7.0 MHz transducer (Ultramake 9, ATL Inc., WA, USA). Total prostate volume (TPV) and transition zone volume (TZV) were measured and the transition zone index (TZI) was calculated as the ratio of TZV to TPV. PSA density (PSAD) and PSA adjusted for the TZV (PSAT) were determined by dividing the serum PSA concentration by TPV and TZV, respectively. Men with abnormal DREs and/or serum PSA levels greater than 4.0 ng/ml underwent a TRUS-guided needle biopsy by a radiologist. Biopsies were carried under ultrasound guidance with a biopsy gun and an 18-gauge biopsy needle (three cores from each side: apex, midpoint and base). Hypoechoic lesions found on ultrasonography and areas corresponding to a palpable abnormality on the DRE were also biopsied.
Statistical analysis
Values of continuous variables are presented as the median (5th-95th percentiles) and rates are expressed as numbers (%). Comparisons for serum PSA levels and prostate volume parameters were made between SCI patients and healthy controls. These parameters were compared in SCI patients according to patient characteristics. Patient characteristics included patient age, age at injury, duration of SCI, injury characteristics and type of bladder drainage. The level of injury was divided into two groups that were modified from the description by Frisbie et al.
10 T10 or higher and lower than T10. Bladder management methods included spontaneous voiding (Crede maneuver, reflex voiding or condom catheter), intermittent catheter, suprapubic catheter and urethral catheter. Those with an indwelling catheter (suprapubic cystostomy or urethral catheterization) underwent routine catheter exchange monthly.
Comparisons of data for serum PSA levels and prostate volume parameters were made using the Mann-Whitney U-test or the Kruskal-Wallis test. Serum PSA levels and prostate volume parameters were correlated with age, age at injury and SCI duration using the Spearman correlation coefficient. The Spearman correlation test was also used to assess the significance of correlations for hormones and age, serum PSA levels or prostate volume parameters (completed for only the 20 patients who had undergone hormone evaluation). A 5% level of significance was used for all statistical testing and all statistical tests were two-sided. The statistical software package SPSS 11.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
Results
In the 31 SCI patients, the cause of paralysis was traffic accidents for 15 men, a fall for 10 men, gunshot wounds for four men, and other miscellaneous circumstances in two men. Of all 62 subjects, six patients with SCI had serum PSA concentrations greater than 4.0 ng/ml (4.10, 4.25, 6.13, 7.50, 8.29 and 12.00 ng/ml) or abnormal DRE findings (one had both). These men underwent TRUS and TRUS-guided biopsy. No patients were found to have either prostate cancer or histological inflammation of the prostate. Table 1 characterizes the SCI and control groups. The median (5th-95th percentiles) serum PSA level was 1.56 ng/ ml (0.12-9.77) for patients and 1.04 ng/ml (0.50-2.98) for control subjects. Serum PSA levels and prostate volume parameters were similar between the two groups.
When serum PSA levels and prostate volume parameters were compared in SCI patients according to patient characteristics, the PSAT values were higher in patients with complete lesions than in patients with incomplete lesions (P ¼ 0.037). No significant differences were found in other parameters (Table 2) . Age at the time of the study enrollment and age at the time of injury did not correlate with serum PSA levels and prostate volume parameters. The duration of the SCI ranged from 5 to 55 years (median 32) and did not show a correlation with TPV (r ¼ 0.063, P ¼ 0.736), TZV (r ¼ 0.072, P ¼ 0.702), TZI (r ¼ À0.035, P ¼ 0.853), serum PSA levels (r ¼ À0.029, P ¼ 0.877), PSAD (r ¼ À0.063, P ¼ 0.737) or PSAT (r ¼ 0.036, P ¼ 0.849) ( Table 3) .
Of the 31 patients, 20 were evaluated for hormone levels. Median (5th-95th percentiles) total testosterone, LH and FSH levels were 3.58 ng/ml (1.33-7.99; normal range 2.8-8), 8.71 mIU/ml (2.13-39.01; normal range 1.7-8.6 mIU/ml) and 11.39 mIU/ml (2.26-34.37; normal range 1.5-12.4), respectively. Testosterone levels were lower than the normal range in seven patients (35%), whereas LH was higher than the normal range in 10 patients (20%), and FSH was higher than the normal range in eight patients (40%). In fact, we found an age-related increase in FSH (r ¼ 0.634, P ¼ 0.004) and testosterone was correlated inversely with TZI (r ¼ À0.477, P ¼ 0.029). There were no significant correlations among any other parameters (Table 3) .
Discussion
The prostate is innervated by branches of the pelvic ganglia, which is composed of pelvic and hypogastric nerves. 11 In experimental animals, denervation of the prostate gland results in alterations of growth, cellular morphology and function. [12] [13] [14] [15] [16] Thus, SCI may result in the neuropathic dysfunction of pelvic organs, including the prostate. The prostates of rats with SCI were smaller than the prostates of sham-operated control animals. 17, 18 These results demonstrate the importance of normal innervation for the maintenance of the structural and functional integrity of the prostate.
Interruption of the neurohormonal supply to the prostate gland might lead to atrophy. However, contrary to animal experiments, human studies assessing prostate volume 10, 19, 20 and serum PSA levels 8, 10, [19] [20] [21] [22] [23] in men with SCI have reported conflicting results. In a study by Pannek et al., 20 even though a trend toward a lower TPV in SCI patients was found, the authors found no statistically significant difference in TPVs in any age group when they compared the SCI and uninjured groups. Lynne et al. 8 found that serum PSA concentrations were higher in SCI men than in uninjured men and suggested that prostatic secretory dysfunction is present in men with SCI. Furthermore, a study by Pannek et al. 20 found a trend toward lower serum PSA levels in patients with SCI. However, subsequent studies have found no statistically significant differences in serum PSA values between the SCI group and the non-SCI control group.
8,21-23
Indeed, we also found that serum PSA levels and prostate volume parameters were not significantly different in SCI men compared to those in the uninjured men. Variation in serum PSA levels among studies may be attributed to asymptomatic urinary tract infections in patients with a neurogenic bladder. Previous observations have found that subclinical prostatitis may be correlated with high 10 reported that the size of the prostate gland was smaller in severely paralyzed than in less severely paralyzed patients. Furthermore, the PSA levels in the severely paralyzed group tended to be lower than the levels found in the less severely paralyzed group. Some studies have noted that the presence of a catheter was an independent factor that could be correlated with higher serum PSA values in severely paralyzed patients. 23 Inconsistent with these observations, serum PSA levels and prostate volume parameters were not vastly related to injury characteristics in our study. However, prospective cohort studies have not shown a clear association between prostate cancer risk and total testosterone or bioavailable testosterone levels in the plasma. 29 In addition, the prostatic inflammation in SCI patients may actually induce these patients to have increased serum PSA levels as several studies have supported a relationship between inflammation and the development of prostate cancer. 30, 31 Furthermore, Huang et al. 32 reported that in SCI rats, serum testosterone returned to normal levels within 3 weeks of the SCI. Thus, additional research is needed to resolve this controversy and to clarify the underlying hormonal mechanisms involved in SCI. Our findings should be interpreted with caution. The present study was not population-based, and thus the subjects may not be representative of the general population. Additional studies involving the general population are needed to confirm our findings. Furthermore, our study included only Korean males. Therefore, the results may not be applicable to patients of other races. Further studies in these areas are warranted. Finally, because this was a pilot investigation, the sample size was small. In our study, we observed no statistically significant difference between SCI patients and uninjured men. The lack of statistically significant differences may be a result of the relatively small number of patients (Table 4) .
Conclusion
According to our results, serum PSA levels and prostate volume parameters in Korean patients with SCI are not vastly different from those in the uninjured men. In addition, prostate activity in this population is not affected by injury characteristics. Even though these results may be considered preliminary because of the small sample sizes, our findings suggest that more studies are warranted to elucidate the possible impact of neurogenic or hormonal factors in the prostate activity of SCI patients. 
